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(54) Cotlagen-based matrix 

(57) A collagen matrix comprises collagen fibrils 
which are cross-linked to one another by a reducing 
sugar or a reducing sugar derivative. The collagen matrix 

may be formed into a membrane useful in guided tissue 
regeneration. 
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Oesciiption 

RELD OF THE INVENTION 

The present invention concerns a novel collagen-ljased matrix and devices comprising this matrix. A particular 
example of such device is a collagen-based sheet useful in a guided tissue regeneration (GTR). which will be referred 
to herein as 'GTR membrane'. 

A particular application of the GTR membrane of the invention is in dentistry, for guided tissue regeneration of 
periodontal tissue. 

10 The present invention also concerns a process for the preparation of the matrix. 
BACKGROUND OF THE INVENTION 
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Guided tissue regeneration is a surgical procedure intended to restore or regenerate the morphology and function 
of tissues or organs thai were destroyed by disease or trauma. In tissue regeneration, the regenerating tissues have to 
repopulate the same site and space previously occupied by the healthy tissues that were destroyed. Furthermore to 
restore the morphological and functional relationships between the different regeneration tissues at the regeneration 
site, the repopulation of the affected site and the subsequent differentiation of the repopulating cells should be an orderlv 
and concerted process. ' 

The technique of GTR aims to allow orderly and concerted repopulation of an affected site by regenerating tissues 
To this end. a bamer is interposed between the regenerating tissues and the tissue that might intervene with the regen- 
erative process. The barrier Is maintained in place until the affected site is repopulated by the proper tissues and the 
regenerating tissues reach maturity 

Membrane bamers are currently used mainly in dentistry, for GTR of regenerating periodontal tissues that were 
destroyed by periodontal disease or trauma. Generally, two types of membranes are in use. membranes made of non- 
degradable material and membranes made of degradable materials. 

Collagen are a family of proteins with a well determined triple helical configuration. Among these proteins, collagen 
Type I IS most prevalent, constituting approximately 25% of the body's proteins and 80% of the connective tissues' 
proteins. Collagen Type I polymerizes to form aggregates of fibers and bundles. Collagen are continuously remodeled 
in the body by degradation and synthesis. Collagen Type I is degraded only by a specific enzyme - collagenase. and is 
resistant to any non-specific proteolytic degradation. 

Collagen is a weak antigen and most of its antigenicity resides In the non-helical terminals of the molecule. These 
terminals may be removed by enzymes such as pepsin. Its weak antigenicity and its relative resistance to degradation 
make collagen a good candidate as a building material of Implantable devices. 

A molecular solution of type I collagen can be prepared from a connective tissue rich in this protein and the molecular 
collagen can then be reassembled into fibrils which can then combine to form a collagen matrix. Collagen matrices can 
be molded in vitro in\o numerous implantable devices such as. for example collagen sheets, collagen tubes, etc. 

When used to form implantable devices, collagen matrices should maintain their integrity for long periods of time 
The resistance towards degradation of the collagen fibrils can be increased by increasing the number of intermolecular 
cross-links. Several agents, such as aldehyde fixatives and imides. and treatments such as radiations have been used 
to achieve thispurpose. The main drawbacks of such treatments are toxicity and Inability to accurately control tiie decree 
of cross-linking. , ^ 

SUMMARY OF THE INVENTION 



It is the object of the present invention to provide a collagen mati-ix suitable for use in implantable devices such as 
membranes or tubes for guided tissue regeneration. 

It is furthermore the object of the present invention to provide a process for the preparation of such a mati-ix. 
It Is still further the object of tine present invention to provide a kit comprising ingredients useful in guided tissue 
so regeneration procedures. 

It is still further the object of the present invention to provide a method of guided tissue regeneration (GTR). 
It is still further an object to provide space maintainors for use in GTR procedures. 

It was found in accordance with the invention, that collagen can be rendered resistant to a collagenolytic degradation 
by means of cross-linking the collagens by reacting it with a reducing sugar. Thus, in accordance with the present 
invention a cross-linked collagen matrix is provided which can be maintained substantially intact within the body for long 
periods of time and is thus useful as a building material of various collagen-based Implantable devices. 

The present invention provides, in accordance with a first of its aspects, a collagen matrix comprising collagen fibrils 
le molecules or microfibrils of which are being cross-linked to one another by a aoss-linking agent, the cross-linking 
'ent comprising a reducing sugar, or a reducing sugar derivative. 


i 


EP 0 693. 523 A2 

The present invention further provides a process tor preparing a collagen matrix comprising reacting collagen with 
a reducing agent whereby fibrils of the collagen become cross-linked to one another. Preferably, following preparation, 
the collagen matrix Is dehydrated, e.g. in alcohol solution, and then subjected to articat point drying. 

Said aoss-Iinking agent may be an aldehyde mono sugar or a mono sugar derivative wherein the a-carbon exists 
5 in an aldehyde or ketone state in an aqueous solution. 

Said cross-linking agent may be a compound represented by one of the following formulae I or II: 


, 0) 
R^-(CHOH)„- CH 


15 

o 


so 


(II) 

R'-(CHOH)„ - C-(CHOH), -CHjOH 


wherein: . u i. 

25 Ri is H or lower alkyi or alkylene. an amino acid, a peptide, a saccharide, punne or pynmidme base, a phospho- 

rylated purine or pyrimide base; 

n is an integer between 2-9, and , « ^ . 

p and q are each independently an integer between 0-8. provided that p and q together are at least 2 and not 

more than 8. 


30 


35 


40 


45 


50 


55 


EP 0 693 523 A2 


A redudng sugar can form a Schitf base with an a or e amino groups of amino adds of the collagen nxilecule The 
Schitf base undergoes an Amadori Rearrangement to form a ketoamine product by the following reaction scheme: 

a. Aldehyde sugar 


CHO 
I 

H -C -OH + NHj-Lys-ColIagcn 
I 

(H-C -OH)^, 
t 

R} 


HC = N - Lys - Collagen 

I Amadori 

> H - C-OH > 

I Rearrangement 
(H-C - OH)^j 


Reducing Sugar 


Schiff base formation 


H 

H-C-NH,-Lys-Coliagcn 
I 

-> C=0 
I 

(H-C-OH)„., 
I 

R» 

Kcloamine 


b. Ketone sugar 


H 

H-C-OH 
I 

C=0 + NH, -Lys-Collagcn > 

I 

(HCOH)p 


H 

H-C-OH 

I Amadori 

C=N-Lys-Collagcn > 

i . Rearrangement 
(HCOH), 
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H . 
H-C-OH 
I 

C=N-^fH-Lys-Collagcn 
I 

c=o 
I 

(HCOH)^i 
1 


Two adiacent ketoamine groups can then condense to form a stable intermolecular or intramolecular crosslink. 
reaclTn sc^eme^ the lowing scheme "A" denotes a first collagen molecule and "B" a second collagen molecule): 



OH 


NH2- (CH2 )4-A 
LYSINE GROUP 
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\nh-(ch,)3-<:h 
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(CH, ), 

H.N V=0 
A 


CH 
I 

C-B 
II 

O 


PENTOSFDIiVE 


so 


Examples of said reducing agent are glycerose, threose, erythrose. lyxose. xylose, arabinose ribose allose 

« tho 1' ""^ ""'^3*" ^^o''^" by the extertf of aoss-linking between 

Ir^J^n „??K f !k ™' "^^ concentrafion of the sugar during the pr»" 

^flt ■ °' during which the collagen is exposed to th™ ^ 

The matrix may compnse also various agents having a certain therapeutic effect which are immobilized within the 

7^':^^'^^^"- "^"^ « '■" '^^^^ ^9^"'^ «™ 9-^"-"^ during the^^S^datil 

. rrLS^p^,?: r '"^-^^ ^^^^ -«-i~ory agents, factors hU'ssut egt er^ 

.amiS^^SL'^nSd;^^^^^ 

fory drugT'^^ ^9*"'* ^^isone. a synthetic derivative thereof, or any syntheUc anti-irtflamma- 

H» ■ '^"s having tissue inductive properties are growth factors such as fibroblast growth factor platelet 

TJl^l^V K ""-Phogenetic proteins; attachment factors (these can also be linked to the matHx by me^s 

of cross-hnkings by the sugars or by taWng advantage of their natural capacity to bind to collagen) 

The colfagen matrix of the invention is useful for the preparation ofa number of inplantable devices includina sheets 
<o serv^g as membrane baniers for GTR. collagen^ased tubes, for nen,e or vascularTegeneratiorete 

The bamer membranes of the invention typically have a thickness ranging from 0.05 mm to 2 mm The size of the 
membranes will range from about 0.5 cm2 to 400 cm^ or even more. » <: mm. me size of the 

Honrn^L^K"'^!" ""^'^""^ °' ^'^ to any non-specific proteolytic degradation They are 

degraded by collagenase at a rate that can be controlled by the amount of cross linWng. as already powS out Sove 

maintaining material ( space maintainerr A space maintainer is used in some procedures in order to maiml a^^ 
m Which me regenerating cells can migrate and repopulate. In some cases, such a space occurs natura«7as for « 
neri^^lr,^ "T"^ 'T ' '^'^ '^'^ « ''^ example in var^us^^^ 

te nazed bone (iv) synthetic hydroxyapatite. (v) crystalline materials other than those mentioned under (m.(iv) enri*^ 
woh osteocalcine or vrtronectin. and (vi) heat-treated demineralized bone (the bone der^ed subsfan-^e u^er ( i (^ 
and («) are preferabh, of human origin). Also possJ^e are combinations of any of the above spa« mltai^^ JLtfc 
ularlyhyaluronan and with one or more of the other space maintainers amiainers. parte 

. Hyaluronan. which is preferably provided a prtor» in a lyophilized form, is a polysaccharide consisting of reoeatino 
dlrdl?.^'^- « a nx.lecular weight rang^ from a few tho sln^ tol^e^l 
,,!?h ^ """^ °' Hval"'<"«" 's naturally expressed in developing and he^Z 

tissues and has the capaaty to bind farge amounts of water. These properties allow the hyaluronan to be us«J as a 
space mainfainer in combination with the membranes of the invention in GTR 
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The use of mineralized bone, deproteinazed bone (which is natural hydroxyapaWe prepared by ashing bone at 
700-C) or synthetic hydroxyapatite in combination with osteocalcine and vitronectin [osteocalcine Is a bone protein, 
which is bound to hydroxyapatite (the mineral component of the bone) and which is believed to attract osteoclast (bone 
resorbing cells) to mineralized surfaces: vitron^n is an attachment protein and facilitates osteoclast attachment.to 
mineralized bone surfaces] is novel and Is believed to enhance the recruitment of osteoclast at the healing ate. This in 
turn enhances the resorption of these space-maintainers and facilitates their replacement by regenerating tissues. 

Heat treatment of demineralized bone (.e.g freeze-dried) will denaturate the collagenous component of the bone 
matrix and allows'for non-specific proteinazes to degrade the bone matrix. This in turn, enhances the degradation of 
the space maintainer and facilitates its replacement by regenerating tissues. Such a heat-treated preparation, particularly 

for this use is novel. ' . . ^ ■ . • 

For various applications depending on the size, form and location of the regenerating site, the space maintainers 
may be enriched with one or more of the antibacterial, anti -inflammatory and tissue-inductive factors mentioned above; - 
and/or enriched with a substance intended to aid in maintaining the shape of the space maintainer matrix, e.g. one or 
more matrix proteins selected from the group consisting of collagen, ftorin. fibronectin. osteonectin, osteopontin. 
tenascin. thrombospondin: and/or glycoseamlnoglycans including heparin sulfate, dermatan sulfates, chondrointin sul- 
fates, keratan sulfates, and many others. 

These provided by the present invention are the above novel space maintainers. 

The present invention also provides a kit for use in GTR comprising the collagen membrane of the ir^vention. In 
accordance with an embodiment of the invention, the kit comprises also a space maintainer. The collagen membrane 
as well as the hyaluronan may comprise one or more of the additives mentioned above. 

In the following the invention will be further illustrated by a description of specific embodiments and by examples 
describing some experiments performed within the framework of the invention, with reference made also to the annexed 
drawing. 

DESCRIPTION OF THE DRAWING 

ng 1 shows results of an experiment in which radioactivity remaining of a tritium-labelled collagen matrix following 
degradation by collagenase. was measured. Collagen fibrils labelled with tritium were incubated in a solution comprising 
ribose in PBS (a) or in a PBS solution without ribose (b) for periods of time ranging for 1 -1 6 days. Following tins incubation 
the formed collagen matrix was treated with collagenase for 1 hour. The amount of radioactivity which remained m the 
matrix as percentage of the total, following the collagenase treatment is shown in the graph m the Rgure. Matrices 
incubated in ribose for 9 days and longer were essentially resistant to collagen degradation. 

DETAILED DESCRIPTION OF SPECIRC EMBODIMENTS 

Production of Collagen Membranes 

Type I collagen may be obtained from bovine skin, tendon, placenta, or human placenta, by pepsinization as known 
perse. A molecular solution of purified pepsinized type I collagen (1-10 mg/ml) is dissolved in 0.05M acetic aad and 
maintained at 4-0 is mixed with O.IM NaOH and tiien poured into an appropriate mold and incubated for 24 hours at a 
temperature ranging between 20-37'>C. The matrix which is produced is tfien compressed by a piston which squeezes 
out the water until the required thickness of a membrane is obtained. The membrane is then incubated in a solution of 
ribose (having a concentration in the range of 0.05 M to 1 M for a period of time varying between 6 hours to 24 days, or 
sometimes even more, depending on the required resistance of the membrane to enzymatic degradation. 

If desired, the ribose solution can be enriched by agents such as antibacterial and antifungal drugs, anti-inf lammatory 
drugs, mitogenic and differentiating agents, etc. ^ i ^i. 

In a similar manner, mutatis mutandis, devices other than membranes, such as tubes can be produced from the 

collagen matrix. ^ , u. ^ * -.u 

The collagen devices are then dried and sterilized. For this purpose the collagen devices may be dehydrated either 
in air or by immersion in alcohol solution (30%-100%). The dehydrated devices may then be subjected to critical point 
drying e.g. in carbon dioxide (CO2) or in another gas such as Freon in a critical point dryer, e.t. at about 4rC and a 
pressure of about 80-90 bars. It was found that this procedure sterilizes the devices and renders them completely dry. 
effective to prolong their shelf life. This procedure does not effect tiie capability of these collagen devices to resist col- 
lagenolytic degradation. Furtiiermore. such a procedure preserves the 3^imensional shape of the device. 

In order to produce a membrane having portions which are degraded at different degradation rates, those parts that 
are designated to withstand degradation for longer periods of time are brought into contact with the nbose solution. After 
the required time period the entire membrane is incubated with the ribose solution. 

For example to produce a rectangular membrane with a gradient of degradation rates, having the direction from 
one short base of the rectangle to the opposite (one short base has a high degradation rate and the other has a low 
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degradation rate), the following procedures may be undertaken: 

While the membrane is maintained in a 100% humidified atmosphere, a portion of the rectangular membrane 
adjacent to one of the two short bases is dipped.in the ribose solution for a predetermined time period Thereafter 
adjacent portions are gradually immersed in the ribose solution for predetermined time periods. Thus the far end wili 
remain the least amount of time in the ribose solution and will thus be the most susceptible portion to degradation. 

Space Matntalners 

(a) Lyophilized hyaluronan 

Hyaluronan obtained from human, bovine or avian sources is dissolved in an aqueous solution enriched or non- 
enriched with one of the above-mentioned factors and then lyophilized. It was found in accordance with the i'nvention 
that ennched lyophilized hyaluronan implanted in the skin absorbs water, swefls and undertakes a gelatinous consistency 
and thus IS suitable to serve the purpose of space maintainer. 

(b) Bone products or hydroxyapatite product 

1 g of mineralized freeze^lried bone, deproteinazed bone, or synthetic hydroxyapatite. are mixed with a solution 
containing up to 15 mg of osteocalcine and/or 10 mg of vitronectin, and the mixture is then lyophilized. 

Particles of demineralized freezeniried bones are heated at temperatures ranging between 50^C-100°C for periods 
of time ranging between 5 min to 240 min in a dry atmosphere or in a caustic solution. If the heat treatment is done in 
aqueous solution the demineralized bone is freeze-dried again following the heat treatment. It was found in accordance 
with the invention that there is a linear correlation between the rate of demineralized bone degradation by trvDsin in vitro 
and the heat temperature. 

(c) Use of space maintainers together with collagen 

The space maintainers to be used in conjunctfon with the collagen barrier will consist of each of the above-mentioned 
matenals or of combinations of them. For example, the space maintainer may consist of lyophilized matrix of hyaluronan 
which compnses particles of heat-treated demineralized freeze-dried bone and/or deproteinazed bone treated with oste- 
ocalcine vitronectin. To prepare such a material heat-treated demineralized freeze^Jried bone and enriched deprotein- 
azed bone is mixed with a solution of hyaluronan and the mixture is then lyophilized. 

Example I: 

In Wffo degradation 

Collagen fibrils radioactively labelled with tritium, were incubated in a PBS solution either comprising or not com- 
prising ribose. The amount of the collagen f brils in the solutfon was 3 Mg/ml and the concentration of ribose was 0 2 ftfl 
The incubation of the collagen ftorils in the solution was at a temperature of 37«C arxi was for periods of time ranoino 
between 1 and 16 days. ^ ^ 

Folfowing this incubation, the so-formed collagen matrices were incubated with collagenase (1:10 collagen colla- 
genase ratio, by weight) for 1 . 2 or 4 hours. Following this incubation, the solutions were centrifuged and the amount of 
radioactivity that remained which consisted of the following collagen matrix, was determined. The results of the radio- 
active counts are shown in Rg. 1. As can be seen, the radioactivity which remained in the matrix after treatment with 
collagenase following incubation of the collagen fibrils in PBS ((b) in Fig. 1) less than 40%. Against this, the amount of 
radioactivity which remained in the matrix formed following incubation in the ribose solution for a period lonaer than 6 
days (Rg. 1 ) was about 85-90%. a « • o 

This clearly shows that the collagen matrix formed following incubation in the ribose solution, which brings to cross- 
inking of the collagen molecules to one another, was highly more resistant to specific degradation by collagenase than 
the other matrix. 

Example II: 

In Wvo degradation 

(a) Collagen matrices. 100 pg each, comprising radfolabelled collagen were treated for 1. 3 and 9 days with ribose 
in a similar manner to that described in Example 1 . The matrices were then implanted in a rat through a standard 
hole (about 1 x3 mm) performed in the femur of the rat. Animals were sacrificed at times 0. 7. 1 4 and 21 days following 
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implantation and the amount of radioacti^ty left in each hde was determined. Five animals were sacrHlced at each 

SS^rce™m1men*ranes.T1,e fact that me membranes are 

facilitates their use in guided tissue regeneration. 


Example lit: 
15 Animal Experimentation 

branes revealed 90% regeneration of the detects' size. 
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Claims 


IS 


1 A mllaoen matrix comprising collagen fibrils Ihe molecules or microfibrils of which are being cross-linked to one 
anS^a'^sSagentJhe^oss-linWngagenlco^^^ 

of a" nd Ihich is capable of existing in an aWehyde or ketone state in an aqueous solution, 

2. A coltegen matrix according to Claim 1 , wherein the reducing sugar or reducing sugar derivative is a compound 

represented by one of the following formulae t or II: 

30 O 

1 

Ri-(CHOH)„- CH 


35 


40 


45 wherein: 


R'-(CHOH), - C-(CHOH), -CH,OH. 


R. is H or Icwer alkyi or alkylene. an amino acid, a peptide, a saccharide, purine or pyrimidine base, a phos- 
phorylated purine or pyrimtde base; 

p 'rS:?c^re:ern3; an integer between 0-8, provided ^ 
50 not more than 8. 

3. A collagen matrix according to Claim 2. wherein the reducing sugar is a diose. triose. tetrose. pentose, hexose. 
septose. octose. nanose or deeose. 

55 4 A collagen matrix according to Claim 3, wherein the reducing sugar is a member selected from the group consisting 
ofier^e m^eose. erythrose. lyxose. xylose, arabinose. ribose. allose. altrose. glucose, mannose. gulose. Kiose. 
galactose and talose. 
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5. A ojllagen matrix according to any one of Claims 1-4. comprising also one or more of an antimicrobial agent or an 
t^eZ^^^ "'"^ °' ' P^^"^*'^^ ^'^ ^9^"* °^ '^^^^ '^^"g immobilized withilj 

5 6. An implantable device comprising a matrix according to any one of the preceding claims. 
7. A device according to Claim 6. being a membrane barrier for guided tissue regeneration. 

w ^' ^^ri^''^!!^!!'^ ^ component selected from the group consisting of mineralized bone, deproteinazed bone 
10 and synthetic hydroxyapatite and a second component being osteocalcin or vitronectin. ' °^e.nazed bone 

9. A matrix comprising heat-treated demineraiized bone. 

10. A matrix according to Claim 8 or 9 for use as a space maintainer in guided tissue regeneration. 


15 


t^cf ^i^nt"""^ '^^^ regeneration, comprising a tissue regeneration guidance membrane of Claim 7 and a 

12. A kit according to Claim 11. wherein the space maintainer is selected from the groups consisting of mineralized 
20 bone, deproteinazed bone and synthetic hydroxyapatite and demineraiized, heat-freaL bone 

13. A process (or the preparation of a collagen matrix comprising reacting collagen with a reducing sugar under condi- 
tions wherein molecules and fibrils of the collagen become cross-linked to one another. 

" Xrmar iS^'Sm dryT'""' '"^"^'"^ ""^ '^"^'^ 
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FIG. 1 
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been drawn up for all claims. 

n Ony pan o< the further search teas have been pa.d w.cin tr?a fixad lima limit The present European se.rcn 
^ rapon has oean dra.n up lor those part, of me Eurooaan p.tem app,icat.on wnicn reia.a to me .nv.nt.ons .n 


resooci of wncn learcn lees nave boan paid, 
namely claims: 

None of me funn'er search lees has been paid w,min me died lime iim,t. The present European search report 
n.s been ora^n up (or those P-ns of ma European patent applcaoon wn<fl relate to me .nvantion Urst 
menttoned tn me claims. 

namely Claims: 1-7^11-14 


3 


EP 0 693 523 A3 


J) 


European Patont 
Otfic« 


EP 95 11 -1260 -B- 


LACK OF UNPTY OF INVE^mON a PRIORI 


Th« S*ant\ 0)vu«n eontdwi 9WI ffM prtMnt B\jro9—n paura apptcsDon do« no( oompiy wi9\ ffi* raqwranwnt o/ unty of 
tfw*ne»t Hi r«l«iM e Mv*ral tnwnoona or proupi of irwvnDonj, 


1. Claims 1-7,11-14 


2. Claims 8-10 


Collagen matrix, process for producing 
the same and its uses in an implantable 
device and in a kit for guided tissue 
regeneration. 

Matrix comprising a component selected 
from the group consisting of 
mineralized, deproteinazed or heat- 
treated bone and synthetic hydroxy- 
apatite 
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